The purpose of this study was to compare the effect of propofol versus thiopentone on haemodynamics during electroconvulsive therapy (ECT), as estimated by echocardiography.
Electroconvulsive therapy (ECT) is used to treat patients with psychiatric depression 1 . Until now, short-acting barbiturates, such as thiopentone and methohexital have been commonly used as the anaesthetic agent 1 . Recently, propofol at <1 mg/kg has been recommended for ECT anaesthesia, because it is reported to provide more stable conditions than those associated with barbiturate anaesthesia 2 . Some studies have demonstrated that haemodynamics during ECT using propofol anaesthesia are more suitable than during barbiturate anaesthesia [1] [2] .
In a previous study, we examined the time course for change in cardiac function during ECT under propofol anaesthesia, using an echocardiographic automated border detection system 3 . Although the effects of propofol on the systemic circulation are not identical with those of thiopentone 4 , there have been no reports characterizing the time course of differences in cardiac function during ECT, as assessed echocardiographically.
The purpose of this study was to compare the effects of propofol versus thiopentone on haemodynamic parameters during ECT using echocardiographic estimation.
METHODS
Informed consent was obtained from the patients or, when necessary, the appropriate relative. Our study protocol was approved by our institutional Clinical Study committee.
Twenty-eight ASA 1 or 2 patients scheduled for ECT were studied. No patient had pre-existing cardiovascular pathology.
The selection of thiopentone or propofol was determined by a random number table. All persons present at the ECT session were blinded to the identity of the study drug (drugs were given from a foil covered cylinder and lines). The data obtained were analysed later by an individual who was also blinded to the treatment regimen.
To avoid adverse parasympathetic reflexes, all patients received atropine sulphate (0.01 mg/kg intramuscularly) 30 minutes prior to the procedure.
Arterial blood pressure (BP), heart rate, arterial oxygen saturation measured by pulse oximeter (SpO 2 ), end-expiratory CO 2 partial pressure (endtidal CO 2 ) at the nostrils (Capnomac Ultima™; Datex Co, Ltd., Helsinki, Finland) and lead II of the electrocardiograph (ECG) were recorded before ECT and then throughout the procedure.
The dose of thiopentone chosen was 2 mg/kg, as in our previous study 4 . The dose of propofol was 1 mg/kg, which was the minimal dose to induce unconsciousness [3] [4] . After the administration of thiopentone (2 mg/kg) or propofol (1 mg/kg) over 15 seconds and loss of consciousness, succinylcholine (1 mg/kg) was administrated and ventilation assisted by face-mask with 100% oxygen. One minute after the injection, an electroshock stimulus was applied bilaterally for 5 seconds. End-tidal CO 2 was maintained at 30-35 mmHg and the SpO 2 (measured at the left index finger) above 98 % by manual assistance of ventilation throughout the therapy.
The transthoracic echocardiograph (Hewlett Packard SONOS 5500R, 3.5 MHz transducer, Andover, MA, U.S.A.) used in this study had an automated border detection system (Acoustic Quantification R system), which could trace the endocardial border continuously. We have previously described in detail 3 the measurement of fractional area change in the left ventricle using the automated border detection system. Briefly, left ventricular parasternal short-axis images were recorded at the mid-papillary muscle level for measurements. The areas of the left ventricle were calculated from each cardiac cycle and displayed in a waveform. The values of end-systolic and end-diastolic areas were averaged over five cardiac cycles automatically. The expiration phase was taken into account. We recorded the acoustic quantification on videotape and re-assessed the validity of the gain setting.
The following left ventricular indexes were measured for each patient: (1) end-systolic area (ESA), (2) end-diastolic area (EDA), (3) fractional area change (FAC); FAC=(EDA-ESA)/EDA multiplied by 100.
According to Mulier and colleagues 6 , we used the quotient of systolic blood pressure and (EDA-ESA) as an index of left ventricular afterload.
Regional wall motion abnormality (RWMA) was defined as a worsening in wall motion of any segment by two or more grades for at least one minute. Two experienced echocardiographers made independent off-line qualitative analysis of RWMA.
An ECG ischaemic episode required a change lasting at least one minute: (1) new ST segment depression of 1 mm or greater from baseline; (2) new ST elevation of 2.0 mm or greater from baseline in a non-Q-wave lead.
All data are expressed as means±SD. Following the confirmation of equal variance among the groups by the Bartlett test, changes in mean value were compared with the baseline value using two-way repeated measure of ANOVA.
Scheff's method was applied for multiple comparisons. The Mann-Whitney U-test was used to compare two groups. Statistical significance was set at P<0.05. All calculations were performed on a Macintosh computer with SPSS (SPSS Inc, Chicago, Ill, U.S.A.) and Stat View 5.0 software packages (Abacus Concepts Inc, Berkeley, CA, U.S.A.).
RESULTS
Transthoracic echocardiographic images were technically inadequate in two patients among the propofol group and in one patient among the thiopentone group. Therefore, 25 patients (propofol group n=12, thiopentone group n=13) were completely analysed in this study.
There was no significant difference between groups for the demographics of the patients (Table 1) There were no significant differences in EDA, ESA, FAC, heart rate and mean arterial BP when awake ( Table 2 ).
There was no change observed in EDA in both groups during the study. In the propofol group, an increase in ESA and decrease in FAC were observed at one minute after the electrical shock compared with the patient status when awake. In the thiopentone group, an increase in ESA and decrease in FAC were observed from one to three minutes after the electrical shock compared with status when awake. A significant difference existed between groups for FAC at two and three minutes after the electrical shock. No change was observed in heart rate in the propofol group during the study. In contrast, increased heart rate was observed from one to three minutes after the electrical shock in the thiopentone group. In the propofol group, increased mean arterial blood pressure (MAP) was observed from one to two minutes after the electrical shock compared with awake status. In the thiopentone group, increased MAP was observed from one to five minutes after the electrical shock compared with the awake status. There was no statistically significant difference in afterload in the propofol group during the study. In contrast, increased afterload was observed from one to three minutes after the electrical shock in the thiopentone group. No RWMA or ST segment changes were observed in any patient, either at baseline status or during the ECT procedure.
DISCUSSION
This study showed that lesser haemodynamic changes were observed after propofol than after thiopentone for ECT. A differential time course of haemodynamic change was observed. These observations are consistent with our previous report 4 .
In a previous study we also found stable systemic haemodynamics during ECT using propofol compared with thiopentone. Others have compared the effects of propofol, thiopentone or methohexitone on haemodynamics during ECT 2,4-5 . Boey and Lai 2 examined the comparative effects of propofol versus thiopentone and reported that the increases in systolic and diastolic BP and heart rate after ECT were significantly higher with thiopentone. Fredman and co-workers 5 reported that 0.75 mg/kg propofol (a smaller dose than used in our study) could ensure stable haemodynamics when labetalol was administered before the electrical shock.
The left ventricular systolic performance assessed by echocardiography was transiently decreased after the electrical shock in both groups. It is well recognized that ECT provokes sympathetic hyperactivity that induces an increase in systemic vascular resistance and afterload, and hypertension 1 . FAC is a loaddependent quantitative parameter of LV systolic function. Left ventricular preload, grossly assessed by EDA, appeared unaltered during the study. Therefore, the increase of both ESA and the index of LV afterload we used mostly accounted for the reduction of FAC. However, depressed LV systolic function cannot be fully excluded using these echocardiographic indices.
The two groups showed a differential time course in changes to FAC after ECT. In the propofol group, FAC was decreased at one minute after ECT. In contrast, in the thiopentone group, decrease in FAC lasted from one to three minutes. The prolonged decrease in FAC after ECT in the thiopentone group might derive from several mechanisms. Mulier and colleagues 6 reported that the cardiodepressant effects of propofol were more pronounced and more prolonged than those of equipotent doses of thiopentone, when given as a single bolus. Propofol (1 mg/kg) might have a greater cardiodepressant effect than thiopentone (2 mg/kg). Another possibility is that propofol might cause greater suppression of sympathetic hyperactivity during ECT. This would result in reduced afterload, which might facilitate cardiac output. Our results appear to support the (1) awake, (2) one minute after the propofol or thiopentone administration, (3) one minute after electrical shock, (4) two minutes after electrical shock, (5) three minutes after electrical shock, (6) five minutes after electrical shock, (7) ten minutes after electrical shock. latter suggestion, because we observed a greater decrease in MAP in the propofol group, as well as a more prolonged increase in afterload in the thiopentone group. There have been two reports describing the effects of ECT on haemodynamics as assessed by echocardiography [7] [8] . However, they only focused on the assessment of RWMA during ECT. We did not examine all segments of the left ventricle. Thus, we are unable to comment on whether or not new RWMA is likely to be observed frequently during ECT. This is the first study to examine the comparative effects of propofol versus thiopentone on FAC during ECT. An abrupt haemodynamic event might precipitate myocardial ischaemia in susceptible patients with ischaemic coronary disease (ICD) 1 and it is important to avoid such events in this group of patients. Our data suggest that propofol is a more suitable anaesthetic agent for ECT than thiopentone with respect to haemodynamic change. Low values of EDA and ESA in this study represent possible underestimation of LV area by the automated border detection system, which did not take into account papillary muscles. Although we realise that EDA and ESA might be underestimated or overestimated with this method, an echocardiographic automated border detection system is a promising method for noninvasive assessment of cardiac function 9 .
PROPOFOL VERSUS THIOPENTONE IN ECT
In this study, no change of EDA was observed in either group prior to or after the administration of anaesthetic drugs. This might be in part attributable to the dosages used. The doses (propofol 1 mg/kg and thiopentone 2 mg/kg) we used were not enough to affect preload. Mulier and colleagues 6 reported that propofol 1.5 mg/kg or thiopentone 4 mg/kg did not have any effect on end-diastolic volume six minutes after administration.
In the present study, we examined the effect of single doses of propofol and thiopentone. To compare the pharmacologic actions of propofol and thiopentone on LV systolic performance extensively, further study using other doses is necessary.
In conclusion, lesser haemodynamic change was observed after propofol anaesthesia (1 mg/kg), compared with thiopentone (2 mg/kg), during ECT.
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